INTRODUCTION
Lentil (Lens culinaris L.), a cool-season food legume, is a good source of protein, carbohydrates, essential fatty acids, and a range of vitamins and minerals. [1] It has a unique profile of carbohydrates including several healthful prebiotic compounds: raffinose-family oligosaccharides (RFO), fructooligosaccharides (FOS), sugar alcohols, and resistant starch (RS) [2] which contributes to its low glycemic index. [3] These prebiotic components directly or indirectly, play a role in satiating, [4] and the cholesterol-reducing response [5] of the lentil. The dietary fiber has been demonstrated as a healthy food component with hypoglycemic effect. [6] Lentil seeds are typically high in fiber, of this, approximately one-third to three-quarters is insoluble fiber and the remaining is soluble fiber. [7] [8] [9] Another important bioactive component in lentils is vitamin B9 or folic acid (folate). An adequate intake of folate helps in reducing the risk of early embryonic brain development, specifically neural tube defects (NTDs), [10] colon cancer, [11] and brain disorders. [12] Folate deficiency is also associated with elevation of the homocysteine level, which is an independent risk factor for cardiovascular disease. [13] Humans are unable to synthesize folates, hence it must be obtained from food and supplements. Most staple food crops, including cereals are poor source of dietary folates and diets based on these foods often do not fulfil the RDA for folate. These health benefits reflect the nutritional significance of folic acid and dietary fiber, and have attracted the consumer to fiber-and folic acid-rich foods. Public health organizations also recommended an increase in the daily consumption of folic acid and dietary fiber. [14, 15] Over the past two decades, the estimation of folate and dietary fiber has been receiving much attention. [16] Therefore, this study was planned to standardize a reliable and reproducible methodology for quantification of dietary fiber and also total folate and survey the genetic variability for these two important nutritional traits in available lentil germplasm and identify the genotypes high in dietary fiber and bioavailable folates.
MATERIALS AND METHOD
Lentil seeds (dehulled) of 30 different genotypes including Mediterranean landraces, breeding lines, and released varieties were collected from the Crop Improvement Division of the institute, air-dried and powdered in a Wiley mill to pass 100-mm sieve. Triplicate sub-sample (1 g) was dried in a vacuum oven to a constant weight for dry matter determination.
Estimation of Dietary Fiber
For the estimation of the total dietary fiber (TDF), an assay procedure was standardized with a slight modification of the Official Methods of Analysis (AOAC) method, [17] for rapid and reproducible determination of the TDF content in mature lentil seeds using a combination of enzymatic and gravimetric methods using the Sigma Total Dietary Fiber Assay Kit. The fat-free died sample was treated with heat stable α-amylase (Sigma-A3306) for gelatinization, hydrolysis, and depolymerization of starch and then enzymatically digested with protease (Sigma-P3910) at 60°C (to solubilize and depolymerize proteins) and amylo-glucosidase (Sigma-A9913; to hydrolyze starch fragments to glucose) to remove the protein and starch. Thereafter, four volumes of ethanol were added to precipitate the soluble dietary fiber (SDF) and remove depolymerized protein and glucose (from starch). The residue was then filtered and washed with 78% ethanol, 95% ethanol and acetone, dried, and weighed. Half of the sample was analyzed for protein and the remaining half was ashed at 525°C in a muffle furnace. The TDF is the weight of the residue minus the weight of Kjeldahl protein and ash determined separately.
Estimation of Folic Acid
The multiplicity of folate forms and generally the low levels in foods makes quantitative analysis of folate a difficult task. The assay of folates from foods generally involves three steps: liberation of folates from the cellular matrix; deconjugation from the polyglutamate to the mono-and di-glutamate forms; and the detection of the biological activity or chemical concentration of the resulting folates. The seed samples were grinded and suspended in 20 mL extraction buffer (0.1 M phosphate buffer pH 7.8 containing 10 mM ascorbic acid) and homogenized in a domestic blender, thereafter the homogenized samples were autoclaved at 121°C for 15 min, and cooled immediately in order to release the folate that may be trapped or bound to the matrices of protein and carbohydrate, the trienzyme extraction procedure was used, which included the use of three enzymes; protease (2 mg/mL), α-amylase (20 mg/mL), VITAMIN B9 AND DIETARY FIBER VARIABILITY IN LENTIL and a conjugase from rat serum (5 mg/mL). The supernatant was passed through a Millipore filter (0.45 µm), before the 10 µL sample extract was injected into the high-performance liquid chromatography (HPLC) system with UV-visible detector (290 nm). Total folate was separated using a C18 column (15cm × 4.6 mm, particle size 5 µm) in series with a guard column. An isocratic mobile phase with a flow rate of 1.0 mL min -1 was applied using the following eluents: Methanol -5 mMol hepatanesulfonic acid sodium salt/0.1% triethanolamine (25:75 v/ v), and pH adjusted to 2.8 with orthophosphoric acid. The representative chromatogram of the working standard solution of folic acid is presented in Fig. 1 . Analyses were performed in triplicate. Ten microliter aliquots of pure folate standard solution was used to create calibration curves and for peak identification (retention time 4.61 min) and quantification. The assay for folic acid was selective as no significant interfering peak was observed near the retention time of folic acid. The linearity of the method was determined by injecting four solutions of concentrations between 1 and 150% of the expected concentration. Analysis was performed in triplicate to determine the linearity of the assay. Good linearity was obtained with correlation coefficient above 0.96. The precision of the procedure was checked by analyses of 10 working standard solutions (10 µg/mL). The RSD value was 1.5%, which indicated the satisfactory repeatability of the system and also showed the accuracy and reproducibility of the method. The precision of the method was checked for within day and between day variations.
Statistical Analysis
The data obtained for each sample from the analysis of values of the traits examined (TDF and folic acid separately) were subjected to a one-way analysis of variance (ANOVA) analysis, as well as Duncan's multiple range test in order to establish the statistical significance, involving calculation of mean value, standard deviation, and coefficient of variation for those measurements. The samples' distinguishability (ρ) was evaluated as the significance of differences between the mean values of each tested trait for each genotype. The significance of differences of the results was established by ANOVA method (at the significance level of 1%).
RESULTS AND DISCUSSION

TDF Content
The results on the TDF content of 17 different lentil genotypes are presented in Table 1 . The ANOVA showed that the TDF content in 17 lentil genotypes varied significantly (p < 0.1) in the range of 10 ± 1 to 22 ± 1 g/100 g seed dry weight with an average of 15.0 g/100 g dry seed weight. Landrace IG-134327 showed the highest content of TDF (22 ± 1 g/100 g), whereas, minimum TDF content was recorded in cultivar VL-1 (10 ± 1 g/100 g). The mean TDF content of Mediterranean landraces of lentil was higher (18 g/100 g dry seed weight) as compared to the mean of released varieties (15 g/100 g dry seed weight) and active germplasm (14 g/100 g dry seed weight; Fig. 2 ).The variability in range of TDF (10 ± 1 to 22 ± 1 g /100 g) as reported in this study is close to the values reported earlier, [8, 18, 19] where dietary fiber has been reported to range from 11.5 to 33.2, 9.7 to 24.1, and 11.0 to 26.9 g/100 g, respectively. The mean TDF content (15 g/100 g) of 17 different genotypes reported in this study is also very close to the mean values reported earlier, [8, 20] where the TDF content in lentil was reported as 11.5 and 15.8 g/100 g, respectively which was lower than that of chickpea (22.7 g/100 g) and pigeonpea (15.5 g/100 g). The SDF in lentil ranged from 1.2 to 6.7 g/100 g, whereas the insoluble dietary fiber (IDF) ranged from 8.8 to 31.4 g/100 g. In an earlier study, the dietary fiber content (DFC) of chickpeas (Cicer arientinum) was reported in the range of 18-22 g /100 g, pigeonpea (Cajanus cajan L.; 5.1 g/100 g), mung bean (Vigna radiata L.; 16.3 g/100 g), and dry peas (Pisum sativum; 5.1 g/100 g). It has also been reported that the desi types of chickpea have higher total DFC and insoluble DFC as compared to the kabuli types. Usually no significant differences are found in soluble DFC between kabuli and desi types due to similar proportion of hemicelluloses which constitute large part (~55%) of the total seed dietary fiber in kabuli and desi types. [21] In another study, [22] it has been reported that beans contained 14 to 19 g/100 g TDF; however, Sharma [9] reported 17 to 23.4 g/100 g TDF in beans and 26 g/100 g in chickpeas. It has been reported that the IDF content represent the maximum part of the TDF of the legumes, whereas SDF only being a small part. [23] Total Folate Content
The data on ANOVA for total folate content of lentil genotypes showed significant genotypic differences (p < 0.1) for folate content (Table 2) , with an average value of 222 µg/ 100 g dry seed weight. The Mediterranean landraces of lentil had higher mean folate content (247 µg/ 100 g) as compared to the other cultivars (198 µg/100 g). The USDA National Nutrition Database [24] reports the total dietary folate equivalence for raw lentil as 479 µg/100 g, field pea (557 µg/100 g), and chickpea (65 µg/100 g). The average value of folate content (222.23 µg/100 g dry seed weight) in lentil genotypes as reported in this study is very close to average value (255 μg/100 g) reported recently. [25] In the set of genotypes analyzed in the present study only one genotype, i.e., IG-163, showed a very high folate content (448.08 µg/ 100 g), otherwise the range of variability observed for the remaining genotypes (114.38 to 330.44 µg/100 g dry seed weight) is very close to the range reported in the recent study. [25] In addition, they have also reported that lentil had higher folate concentration as compared to chickpea (42-125 μg/100 g), yellow field pea (41-55 μg/100 g), and green field pea (50-202 μg/100 g) and the range of variability within the species is comparatively lower in lentil (216-290 µg/100 g) as compared to other food legumes (in case of kabuli chickpea and field pea folate ranged from 42-125 µg/100 g and 41-202 µg/100 g, respectively). A statistically significant year × location interaction and year × location × genotype interaction effect on lentil folate concentration was reported in this study (p < 0.05). Han and Tyler [26] also reported that location had a significant effect on the folate content of lentil and dry pea; however, cultivar did not. Müller [27] estimated the folic acid content of grain, cereal products and legumes by means of HPLC and reported that among the legumes, beans (128 µg/100 g) had the highest content of total folate, followed by lentils (103 µg/100 g) and peas (57 µg/ 100 g). The differences in the values of folate content in this study with other references may be due to various factors such as differences in cultivation conditions (season and climate), agronomic condition, cultivar and species, and the method used for folate estimation. Food folate levels have been measured using different analytical methods including HPLC and microbial assays. These assays include a microbiological method using Lactobacillus rhamnosus [26] and HPLC-mass spectroscopy methods [28] which include the extraction (conjugase, enzyme treatment, incubation periods) and deconjugation procedure, which might also explain the differences in the folate value in the foods. [29] The use of trienzyme treatment, with the inclusion of α-amylase and protease in the folate analysis, is often used to enhance the release of the folate that is bound or trapped in the food matrix of proteins and oligosaccharides besides the deconjugation with the folate conjugase, thus enhancing the yield of folate from foods. [30] It has also been reported that the incubation of α-amylase and conjugase for 3 h resulted in a moderate increase in the folate readings. [31] They further found that the period of incubation inversely contributed to the increase in folate values. This observation is supported by many researchers who opt for the trienzyme approach as the method of choice for folate measurement in food rather than conjugase alone. [32] The use of tri-enzyme approach as done in the present study enhances the folate yield in food analyses and appears to be essential to determine food folate content accurately. [33] VITAMIN B9 AND DIETARY FIBER VARIABILITY IN LENTIL
